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(57) Optimum edge recording methods are previ- 
ously held in a control data zone on the recording me- 
dium (1 00), and one of the methods is selected in a write 
mode by referring to the recorded methods. An informa- 
tion recording apparatus for forming a recording mark 
by converting an energy beam to a multi-pulsed train 
and irradiating the beam onto the recording medium 
(100) includes that change-over can be realized be- 
tween mark edge control based on control of both pulse 
edge positions and mark edge control based on control 
of one of the pulse edge positions. 
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Description 

[0001 ] The present invention relates to information re- 
cording methods and apparatuses which use a medium 
for recording information by irradiating an energy beam 
and more particularly, to an information recording meth- 
od and medium which can exhibit excellent effects on a 
phase transition optical disk as well as to an information 
recording apparatus based on the information recording 
method. 

[0002] In a related art method for performing record- 
ing and erasing operations over a rewritable recording 
film, for example, when an optical disk is used which has 
an exchange coupling two-layer film as a recording film 
^_HiRr.lnc;pH in M R Patent No 5 475.657. or when a 
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a phase transition recording film have recently been ad- 
vanced. With such an optical disk device as to perform 
mark edge recording over a phase transition recording 
film as in DVD-RAM, it is required for the purpose of 
avoiding mark shape distortion or missing of erasing re- 
corded marks that an achieved temperature and a cool- 
ing rate in a record mode are substantially the same 
even in any outer edge of a region of a recording film 
melted for formation of a recording mark. However, 
methods proposed so far failed to satisfy the above con- 
dition sufficiently in their various recording waveforms 
and were limited in their achievable recording densities. 
Further, recording characteristics of information record- 
ing medium usually vary with medium manufacturers, 
manufacturing times and lots. Thus as it is desired to 



phase transition type optical disk recording film is used 
which can erase information at high speed by realizing 
crystallization in substantially the same time as a laser 
irradiation time for recording as disclosed in JP-A- 
62-259229 (laid-open on November 11, 1987); the re- 
cording and erasing are carried out by changing energy 
of one energy beam to one of at least two levels higher 
than a reading power level, that is, by changing the en- 
ergy of the energy beam to one of at least a high power 
level and an intermediate power level. This method is 
advantageous in that so-called overwriting (rewriting 
based on overwriting) of recording new information 
while erasing existing information can be realized. Fur- 
ther, as disclosed in JP-A-62-259229 and JP-A- 
3-185629 (laid-open on August 13, 1991), such a phe- 
nomenon that a recording mark becomes a tear drop 
shape can be suppressed (a backward width of the re- 
cording mark becomes larger than a forward width 
thereof) by changing the energy of an energy beam into 
one of three power levels, that is, high and intermediate 
levels and a level lower than the intermediate level. 
[0003] In recent years, there has been put in practical 
use a DVD-RAM (digital video disk-random access 
memory) which uses a 1 20mm -diamete red disk made 
of phase transition material and having a memory ca- 
pacity of 2.6 GB on its one side. A recording control 
method employed in this example is as shown in Fig. 1 
and is explained as DVD Specification for Rewritable 
Disc (DVD-RAM), Part 1, Physical Specifications, ver- 
sion 1.0 (July, 1997), Page PHX-9, Fig. F-1. 
[0004] JP-A-63-48617 (laid-open on March 1, 1988) 
also discloses a method for changing an energy beam 
depending on a mark length (corresponding to a region 
length in a second state in claims at the time of its ap- 
plication) or on a space length (corresponding to a re- 
gion length in a first state in claims at the time of its ap- 
plication). 

[0005] Also disclosed in JP-A-8-287465 (laid-open on 
November 1 , 1 996) is a method for converting an energy 
beam to a multi-pulsed train depending on a mark length 
or a space length. 

[0006] Studies concerning achievement of a higher 
density of rewritable digital video disk (DVD-RAM) using 
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obtain higher density recording, it becomes more diffi- 
cult to secure a recording compatibility therebetween. 
[0007] In particular, in the case of a DVD-RAM having 
a recording capacity of 4.7GB higher in density than a 
DVD-RAM having a recording capacity of 2.6GB, when 
recording is carried out with the same spot diameter as 
in the 2.6GB DVD-RAM, compatibility with the 2.6GB 
DVD-RAM can be achieved more easily. However, as a 
linear density is increased with the same spot used, a 
spacing between positions at which two adjacent re- 
cording pulses are irradiated on the recording medium 
becomes smaller than the spot diameter of a laser beam 
on the medium. Therefore, since light distribution is 
overlapped when compared with the 2.6GB case, it be- 
comes necessary to prevent distortion of a recording 
mark shape caused by the overlapping. Moreover, when 
a space between recording marks is small, impossible 
separation between the marks with a reading beam spot 
causes a shift of a recording mark edge position of a 
reproduction signal waveform. It is also required to pre- 
vent such a shift. The edge position shifting way de- 
pends largely on the design of the recording medium, 
and the recording waveform suitable for a specific re- 
cording medium is not always suitable for another re- 
cording medium. In current circumstances, because of 
the increased linear density, the recording mark edge 
shift is increased by a mismatch between the recording 
medium and recording waveform to such a level as not 
to be negligible. 

[0008] It is therefore an object of the present invention 
to provide a method and apparatus which can accurate- 
ly record information with use of the same spot and can 
increase its density while attaining a compatibility. A re- 
lated object of the present invention is to provide an in- 
formation recording method, medium and apparatus 
which can stably record information on various sorts of 
recording media having different characteristics and al- 
so can easily secure a recording compatibility therebe- 
tween. 

[0009] In order to attain the above objects, an infor- 
mation recording method, medium and apparatus which 
follow are used. 

[0010] 1) An information recording method wherein a 
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single recording mark is formed on a recording medium 
with use of a train of a plurality of energy beam pulses, 
and any of a first case where a falling edge timing of a 
head pulse in the energy beam pulse train is substan- 
tially stationary while a rising edge timing thereof is var- 
ied and a second case where the rising and falling edge 
timings of the head pulse are varied, is used to record 
information on the basis of control data previously re- 
corded on the recording medium. 
[0011] 2) An information recording apparatus which 
comprises an energy beam generator; a power adjust- 
ment mechanism for adjusting a power level of an en- 
ergy beam generated by the energy beam generator; a 
holder mechanism for holding a recording medium; a 
-movement^echanism-for-f efative ly mov in§-the-ene 
beam and the recording medium; a signal processing 
circuit for changing information to be recorded to the 
power level of the energy beam; first timing adjustment 
means for causing the power adjustment mechanism to 
control the energy beam generator to generate a train 
of a plurality of energy beam pulses from the generator, 
for substantially fixing a falling edge timing of a head 
pulse in the energy beam pulse train, and at the same 
time for changing a rising edge timing thereof on the ba- 
sis of control data previously recorded on the recording 
medium at time of forming a single recording medium 
on the recording medium; and second timing adjustment 
means for changing the rising and falling edge timings 
of the head pulse. 

[0012] 3) An information recording method which in- 
cludes at least one of methods 1 and 2 and uses a re- 
cording medium capable of forming a first state zone 
with a first power level of an energy beam and a second 
state zone with a second power level of the energy beam 
higher than the first power level, wherein the energy 
beam and the recording medium are relatively moved 
to irradiate the energy beam on the recording medium 
and to form the first and second state zones with prede- 
termined lengths and with a predetermined spacing 
therebetween on the recording medium to record infor- 
mation on the recording medium, a third power level low- 
er than the second power level is provided, and at the 
time of forming the second state zone having a specific 
length on the recording medium, a duration of the third 
power level is included as mixed in a duration of the sec- 
ond power level to convert the energy beam to a multi- 
pulsed train and to irradiate the energy beam on the re- 
cording medium, the method 1 substantially fixes a fall- 
ing edge position of a head pulse in the multi-pulsed 
train and moves a rising edge position thereof at the time 
of forming the second -state zone having a specific 
length, the method 2 substantially fixes a rising edge po- 
sition of a tail pulse of the multi-pulsed train and moves 
a falling edge position thereof at the time of forming the 
second state zone having the specific length, a fourth 
power level equal to or lower than the first power level 
is provided, the power level of the energy beam follow- 
ing the tail pulse of the multi-pulsed train is kept at the 



fourth power level for a predetermined time and then 
kept at the first power level, and a time during which the 
fourth power level is kept is always constant regardless 
of the falling edge position of the tail pulse. 
s [0013] Since the above recording methods set forth 
in the above 1 ) and 2), information recording apparatus 
and corresponding information recording media are em- 
ployed, the timing adjustment means always suitable for 
the information recording medium can be selected and 
10 information can be recorded therein always stably. 

[0014] Since the above recording method of the 
above 3) is used, the time during which the constant 
fourth power level is maintained can be always realized 
for the information recording medium regardless of the 

-ti rnir+g-adj ustm en UXb e refoxe^siace-th e rma Leon d it ions 

always optimum for the information recording medium 
can be maintained, information can be recorded in the 
medium always stably. 

[0015] Explanation will be made as to methods, ap- 
20 paratuses and recording media for recording informa- 
tion always stably in connection with embodiments 
which follow. 
[0016] In the drawings: 

25 Fig. 1 shows how to record information in' a record- 

ing strategy to which the present invention is ap- 
plied; 

Figs. 2 A and 2B show experimental results in a case 
2 in the recording strategy to which the present in- 
30 vention is applied; 

Figs. 3A and 3B show experimental results in a case 
2 in the recording strategy to which the present in- 
vention is applied; 

Figs. 4 A and 4B show experimental resu Its in a case 
35 1 in the recording strategy to which the present in- 

vention is applied; 

Figs. 5A and 5B show experimental results in the 
case 1 in the recording strategy to which the present 
invention is applied; and 
40 Fig. 6 shows specific examples of an information 

recording medium and apparatus to which the 
present invention is applied. 

[0017] Explanation will be first be made as to refer- 

45 ence numerals used herein. 

[0018] Reference numeral 100 denotes a recording 
medium, 108 a casing, 110 a motor, 111a rotary shaft, 
112 a chucking mechanism, 115 a rail, 116 a rail guide, 
117 a case, 118 a rotating motor, 119 a linear gear, 120 

50 a rotary gear, 121 a magnet, 122 a coil, 123 a suspen- 
sion,. 130, an objective lens, 131 semiconductor laser, 
1 32 a collimating lens, 1 33 a beam splitter, 1 34 a detec- 
tion lens, 1 35 a photodetector, 1 40 a detector, 1 41 a de- 
tection switch, 150 a system controller, 151 aservocon- 

55 troller, 152 a amplifier, 153 a decoder, 153 a decoder, 
154 a signal processing circuit, 155 a timing controller 
or delay circuit, 156 a current sink, 157 a constant or 
fixed current controller 158 a output connector, 1 59 an 
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input connector, 160 a terminal, 161 a signal processing 
circuit. 

[0019] The present invention will next be explained in 
accordance with embodiments which follow. 
[0020] Shown in Fig. 1 are variations with time in the 
power level of an energy beam irradiated on a recording 
medium at the time of recording information on the re- 
cording medium. In this embodiment, howto change the 
power level at the time of recording information with time 
is referred to generally as write or recording strategy. 
Fig. 1 shows a recording strategy including an informa- 
tion recording method of the present invention. The 
present embodiment will be explained in connection 
with a DVD-RAM as a specific example. In the case of 
-the-DVD-BAM,_aasjJmiogJ:hat a reference c lock in re- 
cording and reproduction modes has a time width Tw, 
then the shortest mark and/or space has a length of 3Tw 
(time length of 3 times as long as the time Tw), and the 
longest mark and/or space has usually a length of 11Tw 
and in a special case, of 1 4Tw. 

[0021] When an NRZI signal as information is given 
to be recorded on the recording medium in a time series 
manner, a suitable signal processing circuit converts the 
NRZI signal to a time series variation in the power level 
of an energy beam, which variation is shown in Fig. 1 
as an light pulse waveform. The power level is set to 
have 4 levels of write level, bias level 1 , bias level 2 and 
bias level 3. At the bias level 1 , the recording medium 
can be shifted to a first state; while at the write leveL the 
recording medium can be shifted to a second state. The 
bias level 3 is set to be equal to or lower than the bias 
level 1 . When it is desired to form a second state area 
in the recording medium and the second state area has 
a length of 4Tw or more (that is, the NRZI signal has a 
length of 4Tw or more) , a duration having the power level 
of the bias level 3 is mixedly placed in the irradiation 
period of the write level to change .the energy beam in 
a multi-pulsed form. In the multi-pulsed energy beam, 
the first and last light pulses are referred to as the head 
or first and tail or last pulses respectively. Between the 
head and tail pulses, light pulses are repeated between 
the write level and bias level 3. The repetition frequency, 
when the NRZI signal has a length of n (n>3) : becomes 
(n-4). The entire repetitive pulses between the head and 
tail pulses will be generally called a comb-shaped pulse. 
Accordingly, when it is desired to form a second state 
area for the NRZI signal having a length of 5Tw or more, 
the recording pulse is made up of the head, comb- 
shaped and tail pulses. When it is desired to form a sec- 
ond state area for the NRZI signal having a length of 
4Tw, the recording pulse-is made up of. the head and tail 
pulses. When it is desired to form a second state area 
for the NRZI signal having a length of 3Tw, the recording 
pulse is made up of a single pulse. 
[0022] A power level equal to or lower than the bias 
level 1 and equal to or higher than the bias level 3 is set 
and is referred to as the bias level 2. Following the tail 
pulse for 4Tw or more and following the write light pulse 



for 3Tw, the power level of the energy beam is held at 
the bias level 2 for a predetermined time. 
[0023] There is possibility that the bias level 2 is equal 
to either one of the bias levels 1 and 3. Or there is pos- 

5 sibility that the write level and bias levels 2 and 3 are all. 
exactly at the same power level. There is a case where 
reference values of the write level and bias levels 1, 2 
and 3 are previously recorded at suitable locations on 
the recording medium as medium information. In this 

10 case the locations of the recording medium where the 
medium information relating to the recording strategy is 
recorded are referred to as information tracks for a con- 
trol data zone. The reference values of the power levels 
are read out from the information tracks of the control 

15 data zone on the recording medium to determine each 
power level in a write mode. 

[0024] Consider in Fig. l a case where it is desired to 
form a second state area on the recording medium for 
the NRZI signal having a length of 4Tw or more and to 
20 define a recording waveform. A time elapsed by T EFP 
from a rising edge of the NRZI signal defines a falling 
edge of the head pulse in a write pulse train. Further, a 
rising edge of the head pulse is present at a time earlier 
by a time T FP from the falling edge of the head pulse 
25 This naturally means that, if the elapsed time from the 
rising edge of the NRZI signal to the rising edge of the 
head pulse is defined as T SFP , the relationship between 
T EFP , T SFP and T FP becomes T EFP = T SFP + T FP . A rising 
edge of the tail pulse in the write pulse train is present 
30 at a time elapsed by a time T SLP from a reference time 
earlier by a time 2Tw than a falling edge time of the NRZI 
signal. At a time elapsed by a time T ELP from the rising 
edge time of the tail pulse, there is present a falling edge 
of the tail pulse. This naturally means that, if the elapsed 

35 time from the reference time earlier by a time 2Tw than 
a falling edge of NRZI signal to the falling edge of the 
tail pulse is defined as T ELP , the relationship between 
T S l P , T ELP and T LP becomes T ELP = Ts LP + T LP . 
[0025] There may sometimes be present a comb- 

40 shaped pulse train between the head and tail pulses. 
Rising edges of pulses in the comb-shaped pulse train 
coincide with the position of the reference clock. At a 
time elapsed by the time T MP from the rising edge time 
of each pulse, the pulse falls. 

45 [0026] Consider a case where it is desired to form on 
the recording medium a second state area correspond- 
ing to the NRZI signal of 3Tw. Assuming that a time 
elapsed by a time T EFP from a rising edge of the NRZI 
signal is set as a reference time, then there exists a ris- 

50 ing edge in a light pulse at a time earlier by the time T FP 
fromthe reference time. This naturally means that, if the 
elapsed time from the rising edge of the NRZI signal to 
the rising edge of the light pulse is defined as T SFP , the 
relationship between T EFP , T SFP and T FP becomes T EFP 

55 = T SFP + T FP . Further, when a time earlier by a time 2Tw 
from the falling edge time of the NRZI signal is set as a 
reference time and a time elapsed by the time T SLP from 
the reference time is set as a second reference time, the 
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light pulse falls at a time elapsed by a time T LP from the 
second reference time. This naturally means that, if the 
elapsed time from the reference time earlier by a time 
2Tw from a falling edge of NRZI signal to a falling edge 
of the light pulse is defined as T ELP , the relationship be- 
tween T SLP , T ELP and T LP becomes T^p = T SLP + T LP . 
[0027] The last pulse of the NRZI signal of 4Tw or 
more or the write pulse of the NRZI signal of 3Tw is fol- 
lowed by aduration havinga power level of the bias level 
2 and having atime length of T LC . 
[0028] The reference values of the times T EFP , T SFP , 
t fp> T ELP' t slp t lp- t lc and t mp defining the write 
pulse are read out from the information track of the con- 
trol data zone, and these times are determined based 

-on-the-read-out-ref e re n g e-val ues ; 

[0029] The times T EFP , T SFP , T FP . T ELP . T SLP> T LP . T LC 
and T MP defining the write pulse are not always limited 
to having their constant values and sometimes may be 
required to be changed depending on combinations of 
the NRZI signals. In particular, in the case of DVD-RAM 
having a memory capacity of 4.7GB per one side as an 
example, the NRZI signal of 3Tw as the shortest mark 
hns h length of about 0.42 microns that is shorter than 
a write spot diameter of 0.45 microns. When such high 
density recording is carried out, thermal interference be- 
tween adjacent marks becomes great, which, in some 
cases, makes it difficult to realize the recording always 
stably. To avoid this, it is considered to change the write 
waveform to a suitable form according to the combina- 
tions of the NRZI signals. In order to correct a shift in 
the leading edge, any of the times T EFP and T FP is 
changed. Changes in these times from the reference 
values thereof are referred to as AT EFP and AT FP re- 
spectively. 

[0030] If T EFP is changed by AT EFP and T FP is not 
changed, T SFP changes by AT EFP . If T FP is changed by 
AT FP and T EFP is not changed, T SFP changes by -AT FP . 
These changes naturally come from the relationship of 



i EFP - 



'SFP 



FP- 



[0031] The changes can be described by the follow- 
ing^ with completely the same meaning. In case T EFP is 
changed without changing T FP , T SFP is changed by AT S . 
FP without changing T FP . Then T EFP is automatically 
changed by AT SFP . In case T FP is changed without 
changing T EFP , T SFP is changed by AT SFP without 
changing T EFP . Then T FP is automatically changed by 

' at sfp- 

[0032] The meaning of the two descriptions to correct 
a shift in the leading edge is completely equivalent. To 
avoid redundancy, only the first description is used in 
this embodiment. The second description is always ap- 
plicable to the part in this embodiment where the first 
description is employed. 

[0033] In order to correct a shift in the trailing edge, 
any of the times T SLP and T LP is changed. Changes in 
these times from the reference values thereof are re- 
ferred to as AT SLP and AT LP respectively. 
[0034] If T SLP is changed by AT SLP and T LP is not 



changed, T ELP changes by AT SLP . If T LP is changed by 
AT LP and T SLP is not changed, T ELP changes by AT LP . 
These changes naturally come from the relationship of 

t elp = ^slp + ^lp- 

5 [0035] The changes can be described by the follow- 
ings with completely the same meaning. In case T SLP is 
changed without changing T L p, T ELP is changed by 
AT ELP without changing T LP . Then T SLP is automatically 
changed by AT ELP . In case T LP is changed without 

io changing T SLP , T ELP is changed by AT ELP without 
changing T SLP . Then T LP is automatically changed by 



AT, 



ELP- 

[0036] The meaning of the two descriptions to correct 
a shift in the trailing edge is completely equivalent. To 

JLS avoid redunda nc y, only the firs t description is used in 

this embodiment. The second description is always ap- 
plicable to the part in this embodiment where the first 
description is employed. 

[0037] A first lookup table of T MF for the leading edge 
20 will be defined. The table is a list of values which are 
determined by combinations of a length M(n) of a mark 
being currently written and a length S(n-1 ) of a space 
precedent to the mark and which can be positive or neg- 
ative. Next a second lookup table of T ML for the trailing 
25 edge will be defined. This table is a list of values which 
are determined by combinations of the length M(n) of a 
mark being currently written and a length S(n+1) of a 
space subsequent to the mark and which can be positive 
or negative. 

30 [0038] In a case 1 , the value of T MF is made equal to 
the value of AT FP and the value of T ML is also made 
equal to the value of AT LP . In this case, the values of 
T FP and T LP vary depending on combinations of the NR- 
ZI signals. That is, in the head pulse, its rising edge po- 

3S sition varies while its falling edge position is stationary. 
In the tail pulse, on the other hand, its rising edge posi- 
tion is stationary while its falling edge position varies. 
[0039] If the second description to correct a shift in 
the leading and the trailing edge is used, the description 

40 for case 1 is as follows. The value of T MF is made equal 
to the value of T SFP without changing the value of T EFP . 
The value of T ML is made equal to the value of T ELP with- 
out changing the value of T SLP . The meaning of this de- 
scription is perfectly the same as the first one. 

45 [0040] In a case 2, the value of T MF is made equal to 
• the value of AT EFP and the value of T ML is made equal 
to the value of AT LP . In this case, the values of T EFP and 
T LP vary depending on combinations of the NRZI sig- 
nals. That is, in the head pulse, its rising and falling edge 

50 positions vary at the same time. In the tail pulse, on the 
other hand, its rising edge posit ion_ is stationary while its 
falling edge position varies. 

[0041] in a case 3, the value of T MF is made equal to 
the value of AT FP and also the value of T ML is made 
55 equal to the value of AT SLP . In this case, the values of 
T FP and T SLP vary depending on combinations of the 
NRZI signals. That is, in the head pulse, its rising edge 
position varies while its falling edge position is station- 
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ary. In the tail pulse, on the other hand, its rising and 
falling edge positions vary at the same time. 
[0042] In a case 4, the value of T MF is made equal to 
the value of AT EFP and also the value of T ML is made 
equal to the value of AT SLP . In this case, the values of $ 
T EFP and T SLP vary depending on combinations of the 
NRZI signals. That is, in the head pulse, its rising and 
falling edge positions vary at the same time. In the tail 
pulse, on the other hand, its rising and falling edge po- 
sitions vary at the same time. 10 
[0043] If the second description to correct a shift in 
the leading and trailing edges is used, the description 
for case 2 is as follows. The value of T MF is made equal 
to the value of T SFP without changing the value of T FP . 
T h e value-Qf T-M^jS- ma d e equal tothe value of T F |_ p with- 75 
out changing T LP . The meaning of this description is per- 
fectly the same as the first one. 

[0044] In a case 5, the value of T MF is made equal to 
the value of AT FP . In this case, the value of T FP varies 
depending on combinations of the NRZI signals. That 20 
is, in the head pulse, its rising edge position varies while 
its falling edge position is stationary. 
[0045] In a case 6, the value of T MF is made equal to 
the value of AT EFP . In this case, the value of T EFP varies 
depending on combinations of the NRZI signals. That 2s 
is, in the head pulse, its rising and falling edge positions 
vary at the same time. 

[0046] In a case 7, the value of T ML is made equal to 
the value of AT LP . In this case the value of T LP varies 
depending on combinations of the NRZI signals. That 30 
is, in the tail pulse, its rising edge position is stationary 
while its falling edge position varies. 
[0047] In a case 8, the value of T ML is made equal to 
the value of AT SLP . In this case, the value of T SLP varies 
depending on combinations of the NRZI signals. That 
is, in the tail pulse, its rising and falling edge positions 
vary at the same time. 

[0048] The values included in the first and second 
lookup tables and information on selection of any of the 
cases 1 to 8 are determined by reading information writ- 
ten in the information track of the control data zone on 
the recording medium. 

[0049] As has been explained above, since adaptive 
waveform changes based on the lookup tables are di- 
vided into the cases 1 to 8 and any of the cases is se- 
lected, the method of the present invention can advan- 
tageously cope with recording media having various 
characteristics and can record information always stably 
with good compatibility. 

[0050] In the present embodiment, the first lookup ta- 
ble .was defined to have 4.X 4 cases of 4 sorts of M(n) 
x 4 sorts of S(n-1 ). The second lookup table was de- 
fined to have 4X4 cases of 4 sorts of M(n) X 4 sorts 
of S(n+1). However, the size of the lookup table is not 
limited to the 4 x 4 cases but may be set at any cases 
other than 1 x 1 to realize the effects of the present in- 
vention. Further, although each of the first and second 
lookup tables forms a two-dimensional table in the 



present embodiment, it may advantageously be a three- 
dimensional table based on a combination of three pa- 
rameters of S(n-1), M(n) and S(n+1) or may be multi- 
dimensional table. The simplicity and/or complexity of 
the table may be suitably determined by various factors 
including characteristics of a recording medium and a 
demanded recording accuracy. When a DVD-RAM hav- 
ing a memory capacity of 4.7GB for one side is used as 
an example, its lookup table is desirably a two dimen- 
sional table having a size of about 3x3, 4x3, 3X4 
or 4 x 4. 

[0051 ] Now explanation will be made as to mark edge 
controllability in connection with the cases 1 and 4 as 
an example. Several experimental results are shown 
herein. In this connection, their experimental conditions 
are set so that a linear speed is about 8m/sec, T is about 
17nseo, a 3T mark as the shortest mark has a physical 
length of about 0.4/jj.m or slightly more, a track pitch is 
about 0.6/u.m, a peak power is 11 mW, the bias power 1 
is4.5mW, the bias power 2 is 3.5mW and the bias power 
3 is 1mW. 

[0052] A single mark having a specific length is re- 
corded always under the same conditions, which is re- 
ferred to as the anchor mark. Following a space (corre- 
sponding to an area having no recorded mark between 
adjacent recording marks) subsequent to the anchor 
mark, a mark to be measured (which will be sometimes 
referred to as the measurement mark) is recorded. A 
recording pulse for the measurement mark is controlled 
according to the above case 1 or 4. A reproduction sig- 
nal obtained by reproducing the anchor mark and meas- 
urement mark is digitized into predetermined slice levels 
to obtain a binary data signal. The binary data signal is 
used to measure a time interval (leading edge interval) 
from the leading edge of the anchor mark to the leading 
edge of the measurement mark. Further, the binary data 
signal is used to measure a time interval (trailing edge 
interval) from the trailing edge of the anchor mark to the 
trailing edge of the measurement mark. 
[0053] Shown in Fig. 2A are variations in the leading 
edge interval and shown in Fig. 2B are variation in the 
trailing edge interval when the tail pulse position is sta- 
tionary while the head pulse position varies in the case 
[0054] 4. In the drawings, their plus directions of axes 
are time advancing directions. In the drawings, the 
lengths of the measurement mark are used as parame- 
ters. In Fig. 2A, the head pulse position and mark lead- 
ing edge position are in a nearly linearly proportional re- 
lationship. In Fig. 2B, on the other hand, as the head 
pulse position moves, the trailing edge correspondingly 
moves. A rpovement of the trailing edge amounts even 
to about 50% of a movement of the head pulse position. 
[0055] Shown in Fig. 3A are variations in the trailing 
edge interval and shown in Fig. 3A are variation in the 
leading edge interval when the head pulse position is 
stationary while the tail pulse position varies in the case 
4. In the drawings, their plus directions of axes are time 
advancing directions. In the drawings, the lengths of the 
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measurement mark are used as parameters. In Fig. 3A, 
the tail pulse position and mark trailing edge position are 
in a nearly linearly proportional relationship. In Fig. 3B, 
on the other hand, as the tail pulse position moves, the 
leading edge correspondingly moves. A movement of 
the leading edge amounts even to about 50% of a move- 
ment of the tail pulse position. 

[0056]' Shown in Fig. 4A are variations in the leading 
edge interval and shown in Fig. 4B are variations in the 
trailing edge interval when the tail pulse rising and falling 
positions are stationary while the head pulse rising po- 
sition varies in the case 1. In the drawings, their plus 
directions of axes are time advancing directions. In the 
drawings, the lengths of the measurement mark are 
H^sed-as-parametere74r^i§-4AT4he^ead-pulse-^ir4g-- 



edge position and mark leading edge position are in a 
nearly linearly proportional relationship. In Fig. 4B, on 
the other hand, even when the leading edge position of 
the head pulse moves, this causes substantially no re- 
markable movement of the mark trailing edge position 
at least in a range where the leading edge position of 
the head pulse less varies. 

[0057] Shown in Fig. 5A are variations in the trailing 
edge interval and shown in Fig. 5B are variations in the 
leading edge interval when the rising and falling edge 
positions of the head pulse are stationary while the fall- 
ing edge position of the tail pulse varies in the case 1. 
In the drawings, their plus directions of axes are time 
advancing directions. In the drawings, the lengths of the 
measurement mark are used as parameters. In Fig. 5A, 
the tail pulse falling edge position and mark trailing edge 
position are in a nearly linearly proportional relationship. 
In Fig. 5B, on the other hand, even when the trailing 
edge position of the tail pulse moves, this causes sub- 
stantially no remarkable movement of the mark leading 
edge position at least in a range where the trailing edge 
position of the tail pulse less varies. 
[0058] When comparison is carried out between the 
case 4 of Figs. 2A, 2B and 3A, 3B and the case 1 of 
Figs. 4A, 4B and 5A, 5B, it will be noted from the exper- 
imental results shown herein that the case 1 is more 
preferable with respect to the recording medium and re- 
cording strategy used in the experiments. This is be- 
cause, in the case 1, the leading edge position of the 
record mark can be controlled independently only by the 
rising edge position of the head pulse in the recording 
pulse, and the trailing edge position of the recording me- 
dium can be controlled independently only by the falling 
edge position of the tail pulse in the recording pulse. The 
case 4 is more deteriorated in the control independency 
and more difficult in the control than the case 1 . - 
[0059] Although the case 1 is more preferable than 
the case 4 with respect to the recording medium and 
recording strategy used in the experiments, there is a 
case where the case 4 is more preferable than the case 
1 depending on the design of the recording medium. 
More specifically, in the case 1 , the energy per se pos- 
sessed by the head or tail pulse is increased or de- 



creased, so that, when the energy of the head or tail 
pulse is excessively increased, this results in deteriora- 
tion of overwrite or cross-erase characteristics. In the 
case 4, on the other hand, since the energy possessed 
5 by the entire recording pulse train varies only slightly, 
there is no likelihood of deterioration of such overwrite 
or cross-erase characteristics. It goes without saying 
that, when sufficient margins are given to overwrite or 
cross-erase characteristics in the design of the record- 

10 jng medium, there can be designed a recording medium 
without any possibility of deterioration of the overwrite 
or cross-erase characteristics even in the case 1 . 
[0060] Explanation will then be made as to another 
embodiment of the present invention with reference to 

-15 — Fjg^6-showi£ig-an in f or ma tioQ-stQcage-apparatM.s in the 



form of a block diagram. For the convenience of expla- 
nation, a recording medium 100 is illustrated as mount- 
ed in the information storage apparatus. For the purpose 
of storing information, the recording medium 100 is in- 
20 dispensable, but it may be dismounted from the infor- 
mation storage apparatus or be mounted thereinto as 
necessary. 

[0061] In Fig. 6, a chucking mechanism 112 is mount- 
ed to a rotary shaft 111 of a motor 110 attached to a 

2S casing 108 so that the chucking mechanism 112 holds 
a recording medium 100. The chucking mechanism 112 
acts to hold the recording medium 100. The motor 110, 
rotary shaft. 111 and chucking mechanism 112 form a 
mechanism for relatively moving the recording medium 

30 100 and an energy beam. 

[0062] Mounted to the casing 108 is a rail 115. A rail 
guide 116 guided by the rail 115 is mounted to a case 
117. Also mounted to the case 117 is a linear gear 119, 
to which a rotary gear 120 is mounted. Transmission of 

35 rotation of the rotating motor 1 1 8 mounted on the casing 
108 to the rotary gear 120 causes linear movement of 
the case 117 along the rail 115. The linear movement is 
directed toward nearly the radial direction of the record- 
ing medium 100. 

40 [0063] Mounted to the case 1 1 7 is a magnet 121. Also 
mounted to the case 117 is an objective lens 130 
through a suspension 1 23 which can be moved only in 
two directions, that is, in a direction of nearly a normal 
of the recording surface of the recording medium 100 

45 and in a nearly radial direction of the recording medium 
100. Mounted onto the objective lens 130 is a coil 122 
as nearly opposed to a magnet 121. When a current 
flows through the coil 122, its magnetic effect causes 
the objective lens 130 to be able to move in two direc- 

50 tions of the direction of nearly a normal of the recording 
surface of the recording medium.100 and.the nearly ra- 
dial direction of the recording medium 100. The rail 115, 
rail guide 116, case 117, magnet 121, suspension 123, 
coil 1 22 and objective lens 1 30 form a mechanism which 

55 positions the energy beam at a predetermined position 
on the recording medium 100. 

[0064] Mounted to the case 117 is a semiconductor 
laser 131 as an energy beam generator. The energy 
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beam emitted from the semiconductor laser 131 passes 
through a collimating lens 1 32 and a beam splitter 133 
and then through the objective lens 1 30. Part of the light 
emitted from the objective lens 1 30 is reflected by the* 



nal. The servo signal is sent from the amplifier to a servo 
controller 151 , whereas the read signal is sent from the 
amplifier to a decoder 153. 

[0065] When the recording medium 100 is loaded into 
Ihe information storage apparatus and the chucking 
mechanism 112 fixedly holds the recording medium 1 00, 
a detector 140 detects the presence of the medium and 
sends a signal indicative of the medium presence to a 
system controller 1 50 The system controller 150, when 
receiving the signal controls the motor 110 in such a 
manner that the recording medium 100 is rotated at a 
suitable rotational speed. The system controller 150 al- 
so controls a rotating motor 118 in such a manner that 
the case 117 is located at a suitable position. The sys- 
tem controller 1 50 also causes the semiconductor laser 
131 to controllably emit light, an also causes a servo 
controller 151 to be operated so that the rotating motor 
118 is driven or a current flows through the coil 123 to 
position the light spot focused by the objective lens 130 
at a predetermined position on the recording medium 
100. The servo controller 151 then sends a signal indic- 
ative of the focused spot formed on the recording medi- 
um 100 to the system controller 150. The system con- 
troller 1 50, when receiving the signal, sends an instruc- 
tion to a decoder 1 53 to decode the read signal therein. 
When a read track is not an information track in the con- 
trol data zone, the system controller 150 sends an in- 
struction to the servo controller 151 such that the fo- 
cused spot is positioned at an information track in the 
control data zone. As a result of the above operation, 
the system controller 1 50 reads the information track of 
the control data zone and reads out medium information 
recorded therein. 

[0066] Written in the information track of the control 
data zone are such recording strategy parameters as 
_ . already explained in connection with Fig. 1. That is, the 
system controller 1 50 reads out from the recording me- 
dium 100 information on the recording power level, time 
relations between recording pulses, lookup table, and 
the adaptive control set to any of the cases 1 to 8. The 
system controller 150 writes these recording strategy 
parameters in a parameter table of a signal processing 
circuit 154, a parameter table of a timing controller or 



delay circuit 1 55, and a current sink parameter of current 
sinks 156. The operations of the cases 1 to 8 explained 
in Fig. 1 can be realized by changing the writing method 
into the table of the delay circuit 155 depending on the 
5 selection of the cases 1 to 8 or by switching switches of 
a delay circuit 1 55. Incorporated in the delay circuit 155 
are first to fourth timing adjusting means. Also incorpo- 
rated in the delay circuit 1 55 is a first change-over mech- 
anism for switching between the first and second timing 

10 adjusting means. Further incorporated in the delay cir- 
cuit 1 55 is a second change-over mechanism for switch- 
ing between the third and fourth timing adjusting means. 
[0067] The timing of the system controller 1 50 of read- 
ing the recording strategy parameters from the record- 

1 5 ing medium 1 00 and writing these parameters in the pa- 
rameter table of the signal processing circuit 154, the 
parameter table of the delay circuit 1 55 and the current 
sink parameter of the current sinks 156 may be set only 
when the recording medium 100 is put in its writable 

20 state. For example, when the recording medium 100 is 
placed in its write protect state, as when a write protect 
switch provided on a case of the recording medium 100 
is set at its write protect position or as when an upper- 
level controller of the information storage apparatus is- 

25 sues a write protect command; a series of operations 
such as the reading of the recording strategy parame- 
ters can be omitted. For the purpose of detecting a write 
protect switch, the detection switch 141 is mounted to 
the casing 1 08 and sends its detected signal to the sys- 

30 tern controller In the recording protection mode, a prep- 
aration time taken after the loading of the recording me- 
dium 100 in the chucking mechanism 112 until the me- 
dium reaches its reproducible state can be shortened 
by stopping the reading of the recording strategy param- 

35 eters. 

[0068] When receiving an information reproduction 
command from the upper-level controller through the in- 
put connector 159, the system controller 150 issues a 
command to the servo controller 151 to position the fo- 

^o cused spot at a suitable position on the recording medi- 
um 100, a signal obtained from the photodetector 135 
is decoded by the decoder 153 to obtain read informa- 
tion, and then the read information is sent from the de- 
coder 1 53 through an output connector 1 58 to the upper- 

^5 level controller. 

[0069] When receiving an information write command 
and write information (to be written) from the upper-level 
controller via an input connector 159, the system con- 
troller 1 50 issues a command to the servo controller 151 

50 to position the focused spot at a suitable position on the 
recording medium 1.00. Further, the write information is 
. converted by the signal processing circuit 161 to an NR- 
21 signal. The converted NRZI signal is converted by the 
signal processing circuit 154 to a suitable train of a plu- 

55 rality of pulses. The pulse train is passed through the 
delay circuit 155 and transmitted to the current sinks 
1 56. 1 n the illustrated example, the signal processing cir- 
cuit 1 54 and signal processing circuit 1 61 form a signal 



recording medium 100. passed through the objective 
lens 1 30, reflected by the beam splitter 1 33, condensed 
by a detection lens 134, and then an intensity of the re- 
flected light is then detected by a photodetector 135. 
More in detail, the photodetector 1 35 has a plurality of 
divided light receiving areas. Intensities of light detected 
on the respective areas are amplified and calculated by 
an amplifier 152 to detect information (servo signal) in- 
dicative of a relative positional relationship between a 
light spot focused by the objective lens 1 30 and the re- 
cording medium 100 as well as an information read sig- 
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processing circuit which converts the write signal to the 
recording pulse trains. 

[0070] A fixed current controller 157 is connected to 
the semiconductor laser 1 31 so that a total of currents 
consumed by the semiconductor laser 131 and current 
sinks 1 56 has always a constant value. The plurality of 
current sinks 156 are connected to the fixed current con- 
troller 157. Whether or not the current sinks 1 56 are op- 
erated to absorb the current depends on the signal gen- 
erated by the signal processing circuit 154 and passed 
through the delay circuit 155. When the current sinks 
156 are operated, a part of the current issued from the 
fixed current controller 157 is absorbed by the current 
sinks 156, resulting in reduction of a current flowing into 
-t he^se micon do eto Has e r— t-3-1— T-h i s-ea u s es-the-e n er gy- 
level of the energy beam emitted from the semiconduc- 
tor laser 131 to be varied. The signal processing circuit 
1 54 and delay circuit 1 55 realize such a recording strat- 
egy as shown in Fig. 1 when the plurality of current sinks 
156 are operaled with suitable timing. 
[0071] For the above operation, power is externally 
supplied to the information storage apparatus via a ter- 
minal 160. 

[0072] As has been explained in the foregoing, re- 
cording is carried out as modified according to the cases 
1 to 8, so that, even when such high-density recording 
is carried out as the shortest mark length is the recording 
spofradius or less, the information recording can ad- 
vantageously be carried out independently of the char- 
acteristics of the recording medium and with good com- 
patibility and good stability. Further, since the present 
invention uses such a recording medium as to be able 
to record information about selection of any of the cases 
1 to 8 in the information track of the control data zone 
on the recording medium, there is provided a recording 
medium which can record information with a high den- 
sity independently of fluctuations in recording charac- 
teristics of the information storage apparatus always 
with good stability and compatibility. 
[0073] Further, since the information about selection 
of any of the cases 1 to 8 is read out from the recording 
medium 100 and is used to reflect it on the state of the 
information storage apparatus, there are provided a re- 
cording method and an information storage apparatus 
which can record information always with good stability, 
and compatibility and with a high density. 
[0074] In accordance with the foregoing embodi- 
ments, even when such high-density recording is car- 
ried out as the shortest recording mark length is the re- 
cording spot radium or less, information can be recorded 
-on a recording medium independently of characteristics 
of the recording medium or on characteristics of the in- 
formation storage apparatus, always with good compat- 
ibility and stability. 
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An information recording method wherein a single 
recording mark is formed on a recording medium 
(1 00) with use of a train of a plurality of energy beam 
pulses, and any of a first case where a falling edge 
timing of a head pulse in said energy beam pulse 
train is substantially stationary while a rising edge 
timing thereof is varied and a second case where 
the rising and falling edge timings of said head pulse' 
are varied, is used to record information on the ba- 
sis of control data previously recorded on said re- 
cording medium. 
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3. 



5. 



. — An^nfor-n^on-recording^etnod-wherein a single., 
recording mark is formed on a recording medium 
(1 00) with use of a train of a plurality of energy beam 
pulses, and any of a first case where a rising edge 
timing of a tail pulse in said energy beam pulse train 
is substantially stationary while a falling edge timing 
thereof is varied and a second case where the rising 
and falling edge timings of said tail pulse are varied, 
is used to record information on the basis of control 
data previously recorded on said recording medi- 
um. 

An information recording method as set forth in 
claim 1 or 2, wherein an interval between said rising 
and falling edge timings is a substantially constant 
time in said second case. 

An information recording method as set forth in any 
of claims 1 to 3, wherein said recording medium 
(1 00) is rewritable. 

An information recording method as set forth in any 
of claims 1 to 4, wherein said recording medium 
(100) is of a phase transition type. 



40 6. An information recording apparatus comprising: 



an energy beam generator (131); 
a power adjustment mechanism for adjusting a 
power level of an energy beam generated by 
said energy beam generator; 
a holder mechanism (112) for holding a record- 
ing medium (100); 

a movement mechanism (112) for relatively 
moving said energy beam and said recording 
medium; 

• a signal processing circuit (154) for changing 
information to be recorded to the power level of 
said energy beam; 

first timing adjustment means for causing said 
power adjustment mechanism to control said 
energy beam generator to generate a train of a 
plurality of energy beam pulses from the gen- 
erator, for substantially fixing a falling edge tim- 
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ing of a head pulse in said energy beam pulse 
train, and at the same time for changing a rising 
edge timing thereof on the basis of control data 
previously recorded on said recording medium 
at time of forming a single recording medium 
on said recording medium; and 
second timing adjustment means for changing 
the rising and falling edge timings of said head 
pulse. 

An information recording apparatus comprising: an 
energy beam generator (131); 

a power adjustment mechanism for adjusting a 
power level of an energy beam generated by 
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a duration of said second power level to convert 
said energy beam to a multi-pulsed train, said en- 
ergy beam of the multi-pulsed train is irradiated on 
said recording medium, and wherein, in said record- 
ing method, change-over is carried out as neces- 
sary between a first timing adjustment method for 
changing an energy level rising edge timing of a 
head puise in said multi-pulsed energy beam train 
according to combinations of pieces of information,, 
to be recorded and for substantially fixing arfehergy 
level falling edge timing of said head pulse and a 
second timing adjustment method for changing an 
energy level rising edge timing of the head pulse in 
said multi-pulsed energy beam train according to 
combinations of pieces of information to be record- 



said energy beam generator; 
a holder mechanism (112) for holding a record- 
ing medium (100); 

a movement mechanism (112) for relatively 
moving said energy beam and said recording 20 
medium; 

a signal processing circuit (154) for changing 
information to be recorded to the power level of 
said energy beam; 

first timing adjustment means for causing said 2s 
power adjustment mechanism to control said 
energy beam generator to generate a train of a 
plurality of energy beam pulses irom the gen- 
erator, for substantially fixing a rising edge tim- 
ing of a tail pulse in said energy beam pulse 30 
train, and at the same time for changing a falling 
edge timing thereof on the basis of control data 
previously recorded on said recording medium 
at time of forming a single recording medium 
on said recording medium; and 35 
second timing adjustment means for changing 
the rising and falling edge timings of said tail 
pulse. 

8. An information recording method having recording *o 
methods 1 and 2 for recording information on a re- 
cording medium (1 00) using any one or both of said 
recording methods 1 and 2, wherein said recording 
medium can be formed to have a first state zone 
with a first power level of an energy beam and to 45 
have a second state zone with a second power level 
of the energy beam higher than said first power lev- 
el, information recording on the recording medium 
is carried out by relatively moving said energy beam 
and said recording medium to irradiate said energy so 
beam on said recording medium and to form saicL 
first and second state zones with predetermined . 
lengths and with a predetermined spacing therebe- 
tween on said recording medium, athird power level 
lower than said second power level is provided, and S5 
at the time of forming said second state zone having 
a specific length on said recording medium, a dura- 
tion of said third power level is included as mixed in 



ed and for changing the jr^rgy level falling edge 
timing of said head pulse v.coording to the combi- 
nations of pieces of informal son to be recorded, to 
thereby irradiate said energy beam on said record- 
ing medium for recording, and wherein, said second 
recording method : change-over is carried out as 
necessary between a third timing adjustment meth- 
od for changing an energy level falling edge timing 
of a tail pulse in said multi-pulsed energy beam train 
according to the combinations of pieces of informa- 
tion to be recorded and for substantially fixing an 
energy level rising edge timing of said tail pulse and 
a fourth timing adjustment method for changing the 
energy level falling edge timing of the tail pulse in 
said multi-pulsed energy beam train according to 
the combinations of pieces of information to be re- 
corded and for changing the energy level rising 
edge timing of said tail pulse according to the com- 
binations of pieces of information to be recorded, to 
thereby irradiate said energy beam on said record- 
ing medium for recording. 

9. An information recording method as set forth in 
claim 8, wherein said third power level is equal to 
or lower than said second power level, a fourth pow- 
er level equal to or lower than said second power 
level is provided: said fourth power level is equal to 
or higher than said third power level, said energy 
beam having said fourth power level following said 
tail pulse of said multi-pulsed train is irradiated onto 
said recording medium. 

10. An information recording method as set forth in 
claim 9, wherein a time during which said fourth 
power level is maintained is kept always substan- 
tially constant regardless of. a timing adjustment oj 
said tail pulse of said energy beam pulse train and 
timing adjustment means. 

11. A recording medium wherein said recording medi- 
um can be formed to have a first state zone with a 
first power level of an energy beam and to have a 
second state zone with a second power level of the 
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energy beam higher than said first power level, a 
first timing adjustment method is used for changing 
an energy level rising edge timing of a head pulse 
in said multi-pulsed energy beam train according to 
combinations of pieces ot information to be record- 
ed and for substantially fixing an energy level falling 
edge timing of said head pulse, a second timing ad- 
justment method is used for changing an energy 
level rising edge timing of the head pulse in said 
multi-pulsed energy beam train according to com- 
binations of pieces of information to be recorded 
and forchanging the energy level falling edge timing 
of said head pulse according to the combinations of 
pieces of information to be recorded, a third timing 

e d for ch an g ing-an-e n e r gy- 
le ve I falling edge timing of a tail pulse in said multi- 
pulsed energy beam train according to the combi- 
nations of pieces of information to be recorded and 
for substantially fixing an energy level rising edge 
timing of said tail pulse, a fourth timing adjustment 
method is used for changing the energy level falling 
edge timing of the tail pulse in said multi-pulsed en- 
ergy beam train according to the combinations of 
pieces of information to be recorded and for chang- 
ing the energy level rising edge timing of said tail 
pulse according to the combinations of pieces of in- 
formation to be recorded, first information indicates 
which of said first and second timing adjustment 
methods is to be selected, second information indi- 
cates which of said third and fourth timing adjust- 
ment methods is to be selected, said recording me- 
dium has a zone or zones in which any one or both 
of said first and second information are recorded 
therein as medium information, or any one or both 
of said first and second information can be written 
in said recording medium as the medium informa- 
tion. 

12. An information recording apparatus comprising: 

an energy beam generator (131); 
a power adjustment mechanism for setting a 
power level of an energy beam generated by 
said energy beam generator at a first power lev- 
el and at a second power level higher than said 
first power level; 

a holder mechanism (112) for holding a record- 
ing medium (100) having a first state zone sel- 
table with said first power level and a second 
state zone settable with said second power lev- 
el; - - - . - 

a movement mechanism (112) for relatively 
moving said energy beam and said recording 
medium; 

a positioning mechanism for positioning said 
energy beam at a predetermined location on 
said recording medium for irradiation; 
a signal processing circuit (154) for changing 
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information to be recorded to the power level of 
said energy beam, said power adjustment 
mechanism having a function of setting the 
power level of said energy bearn at a third pow- 
er level lower than said second power level and 
at the time of forming said second state zone 
having a specific length on said recording me- 
dium, of mixedly including a duration of said 
third power level in a duration of said second 
power level to convert said energy beam to a 
multi-pulsed train; 

first timing adjustment means for changing an 
energy level rising edge timing of a head pulse 
in said multi-pulsed energy beam train accord- 
Jr4gOcLCombiDalions,of pieces of icdtomtjo_gjQ_ 



be recorded and for substantially fixing an en- 
ergy level falling edge timing of said head 
pulse; 

second timing adjustment means for changing 
20 an energy level rising edge timing of the head 

pulse in said multi-pulsed energy beam train 
according to combinations of pieces of informa- 
tion to be recorded and for changing the energy 
level falling edge timing of said head pulse ac- 
25 cording to the combinations of pieces of infor- 

mation to be recorded; 

third timing adjustment means for changing an 
energy level falling edge timing of a tail pulse 
in said multi-pulsed energy beam train accord- 

30- ing to the combinations of pieces of information 

to be recorded and for substantially fixing an 
energy level rising edge timing of said tail pulse; 
fourth timing adjustment means for changing 
the energy level falling edge timing of the tail 

35 pulse in said multi-pulsed energy beam train 

according to the combinations of pieces of in- 
formation to be recorded and for changing the 
energy level rising edge timing of said tail pulse 
according to the combinations of pieces of in- 

40 formation to be recorded; 

first change-over means for performing switch- 
ing between said first and second timing adjust- 
ment means as necessary; and 
second change-over means for performing 

45 switching between said third and fourth timing 

adjustment means as necessary. 

13. An information recording apparatus as set forth in 
claim 12, wherein any one or both of said first and 

50 second change-over mechanisms are operated ac- 
cording to a result of said medium information read., 
out from said recording medium. 

14. An information recording apparatus as set forth in 
55 claim 12 or 13, wherein said third power level is 

equal to or lower than said second power level, a 
fourth power level equal to or lower than said sec- 
ond power level is provided, said fourth power level 
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Is equal to or higher than said third power level, said 
energy beam having said fourth power level follow- 
ing said tail pulse of said multi-pulsed train is irradi- 
ated onto said recording medium. 

15. An information recording apparatus as set forth in 
claim 14, wherein a time during which said fourth 
power level is maintained is kept always substan- 
tially constant regardless of a timing adjustment of 
said tail pulse of said energy beam pulse train and 
timing adjustment means. 

16. An information recording method including at least 
one of methods 1 and 2 and using a recording me- 

di um (1 00) ca pable of forming a first state zone with 
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claim 16, wherein the falling edge position of said 
tail pulse is adjusted according to both of the length 
of said second state zone being now formed by said 
multi-pulse train and the length of said first state 
zone adjacent to said second state zone and 
formed just after said second state zone. 

19. An information recording apparatus comprising: 

an energy beam generator (131); 
a power adjustment mechanism for setting a 
power level of an energy beam generated by 
said energy beam generator at a first power lev- 
el and at a second power level higher than said 
first power level; 



a first power level of an energy beam and a second 
state zone with a second power level of the energy 
beam higher than said first power level, wherein 
said energy beam and said recording medium are 
relatively moved to irradiate said energy beam on 
said recording medium and to form said first and 
second state zones with predetermined lengths and 
with a predetermined spacing therebetween on said 
recording medium to record information on said re- 
cording medium, a third power level lower than said 
second power level is provided, and at the time of 
forming said second state zone having a specific 
length on said recording medium, a duration of said 
third power level is included as mixed in a duration 
of said second power level to convert said energy 
beam to a multi-pulsed train and to irradiate said 
energy beam on said recording medium, said meth- 
od 1 substantially fixes a falling edge position of a 
head pulse in said multi-pulsed train and moves a 
rising edge position thereof at the time of forming 
said second state zone having a specific length, 
said method 2 substantially fixes a rising edge po- 
sition of a tail pulse of said multi-pulsed train and 
moves a falling edge position thereof at the time of 
forming said second state zone having the specific 
length, a fourth power level equal to or lower than 
said first power level is provided, the power level of 
the energy beam following the tail pulse of said mul- 
ti-pulsed train is kept at said fourth power level for 
a predetermined time and then kept at said first 
power level, and a time during which said fourth 
power level is kept is always constant regardless of 
the falling edge position of said tail pulse. 

17. An information recording method as set forth in 
claim 16, wherein- the rising edge position of said 
head pulse is adjusted according to both of the 
length of said second state zone being now formed 
by said multi-pulse train and the length of said first 
state zone adjacent to said second state zone and 
formed just before said second state zone. 



20 



25 



30 



35 



'40 



45 



SO 



55 



a holder mechanism (1 1 2) for holding a record- 
ing medium (100) having a first state zone set- 
table with said first power level and a second 
state zone settable with said second power lev- 
el; 

a movement mechanism (112) for relatively 
moving said energy beam and said recording 
medium; 

a positioning mechanism for positioning said 
energy beam at a predetermined location on 
said recording medium for irradiation; 
a signal processing circuit (154) for changing 
information to be recorded to the power level of 
said energy beam, said power adjustment 
mechanism having a function of setting the 
power level of said energy beam at a third pow- 
er level lower than said second power level and 
at the time of forming said second state zone 
having a specific length on said recording me- 
dium, of mixedly including a duration of said 
third power level in a duration of said second 
power level to convert said energy beam to a 
multi-pulsed train; 

first timing adjustment means for changing an 
energy level rising edge timing of a head pulse 
in said multi-pulsed energy beam train accord- 
ing to combinations of pieces of information to 
be recorded and for substantially fixing an en- 
ergy level falling edge timing of said head 
pulse; 

second timing adjustment means for changing 
an energy level rising edge timing of the head 
pulse in said multi-pulsed energy beam train 
according to combinations of pieces of informa- 
tion to be recorded and for changing the energy 
level falling edge .timing of said head pulse ac- 
cording to the combinations of pieces of infor- 
mation to be recorded; and 
change-over means for performing switching 
between said first and second timing adjust- 
ment means as necessary. 



18. An information recording method as set forth in 



20. An information recording apparatus comprising: 
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an energy beam generator (131); 
a power adjustment mechanism for setting a 
power level of an energy beam generated by 
said energy beam generator at a first power lev- 
el and at a second power level higher than said s 
first power level; 

a holder mechanism (112) for holding a record- 
ing medium (100) having a first state zone set- 
table with said first power level and a second 
state zone settable with said second power lev- 1 o 
el; 

a movement mechanism (112) for relatively 
moving said energy beam and said recording 
medium; 

■^positioni ng mechanism for positioning said 15 



energy beam at a predetermined location on 
said recording medium tor irradiation; 
a signal processing circuit (154) for changing 
information to be recorded to the power level of 
said energy beam, said power adjustment 20 
mechanism having a -function of setting the 
power level of said energy beam at a third pow- 
er level lower than said second power level and 
at the time of forming said second state zone 
having a specific length on said recording me- 2s 
dium, of mixedly including a duration of said 
third power level in a duration of said second 
power level to convert said energy beam to a 
multi-pulsed train; 

first timing adjustment means for changing an 30 
energy level falling edge timing of a tail pulse 
in said multi-pulsed energy beam train accord- 
ing to combinations of pieces of information to 
be recorded and for substantially fixing an en- 
ergy level rising edge timing of said tail pulse; 35 
second timing adjustment means for changing 
an energy level falling edge timing of the tail 
pulse in said multi-pulsed energy beam train 
according to combinations of pieces of informa- 
tion to be recorded and for changing the energy 40 
level rising edge timing of said tail pulse accord- 
ing to the combinations of pieces of information 
to be recorded; and 

change-over means for performing switching 
between said first and second timing adjust- *s 
ment means as necessary. 



so 



55 



13 



BNSDOCID: <EP 0978827A2J_> 



EP 0 978 827 A2 




BNSDOCID: <EP. 



0978827A2_I_> 



EP 0 978 827 A2 



Fig.2A 



Edge Shift (nsec) 




Made Length 



-•— 4T 
*-5T 
-*-6T 



Leading Edge Shift with Leading Pulse Shift 

Fig.2B 



Trailing Edge Shift (nsec) 



h — 4* 




Mark Length 



4T 
5T 
6T 



Trailing Edge Shift with Leading Pulse Shift 



EP 0 978 827 A2 



Fig.5A 




Trailing Edge Shift (nsec) 

-tfr 




Mark Length 



4T 
5T 
6T 



-Trailing Edge of Pulse (ns ec) 



Trailing Edge Shift with valuable Trailing Edge of Pulse, 
and with fixed Leading Edge of Pulse 



Fig.5B 



Leading Edge Shift (nsec) 

i — 8- 




Mark Length 



4T 
5T 
6T 



Leading Edge Shift with valuable Trailing Edge of Pulse, 
and with fixed Leading Edge of Pulse 



18 



1 

EP 0 978 827 A2 



Fig. 6 



is: 

158 / 



I 70 



171 



Decoder 



Slicer 



151 



Servo Controller 



Time Interval 
Analyzer 



159 



161 

/ 



r 



Input Signal 
->NRZI Signal 






NRZI 5 
->Puls 


Signal 
c Train 



r 

154 



160 

J 



152 

r 7 



100 



Amp. 



35 



Si 




Timing 
Controller 



X 



I 



— 4 


*T~ 






c 




c 




CO 




CO 




C 




"c 




Curri 




Curr< 



To Current Source 



157 



I 



156 156 



150 



156 156 



J 



System Controller 



108 



L 



BNSDOCID: <EP 0S78827A2_I_> 



19 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




FADED TEXT OR DRAWING 



